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Abstract 

Tbdetect novel Wat-pathway genes irjToJved In tnmonrigencsis, this study analysed the RNA 
expression levels of 40 eenes or the TVut pathway by drip hybridization of mlcmdteected 
matched pahs of 54 primary prostate carcinomas, Eleven genes sfamd gtoifer loan two- 
fold dUEeratial expression hi at hast 10% of prostate cancers. Three of fhcs« cenes 
encode etfraoel^ C4mponorcs of the Wnt pathway CWNT2, WI61, SFRP4); two are 
reccptoons (FZD4, FZDQ; two belong to the fntracelhdiir signal cnscade (pVLl, ppp2CB)' 
one regulates iraascriptfon (TCF4); and three represent pmes regulated by this pathway 
CCCND^ MYQ. While SHO% FZD4, TODS, DYU, A and MTC ^ 

regulated, YVNT2, PPF2CB, CCN02, and CD44 axe down-regulated in certain 

prostate cancer fuUcnb. Wnt inhibitory factor 1 (WIFI) anil accreted frtetled related 
protein (SFRP4) showed the most sigiiflann aberrant expression at the ANA level WIFI 
was down-regnhted In 64% of primary prostate cmuseo, whEe SFRP4 was np-rogolated 
In 91% of the patient*, Immunohistocheaalcal ana*ryis ustng a polyclonal antibody revealed 
Strong cytoplasmic peitmdear WIFI expression in normal epithelial cells of the prosteic, 
breast, hwg> and urinary bladder. Strong reduction or WIFI protein expression was found 
SnHTL 0 * * Hrostote cwttooinas, bnt also in 60% of breast, 75% of non-small eeU luns 
(NSC&Q, and 26% of bladder cancers analysed. No signmcaat assodotion between WIF3 
down^ulatJon and tnmoor stage or grade was obsemd tor prostate, breast or no^sonQ 
^^relnoinaa, indicating thai low of WIFI opressfcm may be an earlf event in 
tujn©urt£«tie5blnthMe tissues. However, down-regulation of WIFJ arefeted with higher 
toour stage in urhmy Madder hnnonrs (pTh vm** pH-pT4 3 p « 0,038). Copyright © 
3003 John Wiley & Sons, Ltd, 

Keywords; WIFI; immuxiohbtodicmfetry; proscofej bladder; breast; frog; cancer 



Introduction 

Gene expression analysis using DNA microarray Tech- 
nology is a useful tool for datecting new genes that 
may ho implicated in the development of cancer or that 
represent novel marker molecules. Recently, profiling 
techniques have been shown to be especially powerful 
in detecting single markers and RNA sipatureg that 
have the potential to supplement and improve cancer 
diagnosis and prognosis [1-4]. Especially promising 
is (he possibility of simultaneous evaluation of all par- 
ticipants of ft particular regulatory pathway frequently 
altered in cancer. 

To gain new insights into the gene expression pro- 
files of medically important human cancers, to screen 

Copper © 2003 John Wlky & Sow, Ltd. 



for cancer-related candidate genes, and to study the 
RNA expression pattern of important signal transduc- 
tion pathways, we have designed a proprietary cancer 
microarjay based on Asymetrix technology containing 
3000 genes. About 50% of these genes were nominated 
based on their differential expression as shown by 
Woinformadc analysis of tumour-derived EST libraries 
[51 The other half represent known mmour-associatccl 
candidate genes including most members of key signal 
transduction pathways such as the Wm pathway [6-91 
(T&blel). 

Binding of Wnt proteins to the fnr^ird receptors 
activates the intracellular Dishevelled, which inhibits 
GSK30 and allows the cytoplasmic awnimulation 
of stabilized 0-caterin. ^catenin then enters the 
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nucleus, activates transcription factors, and leads to 
the transcription of target genes such as cyciin D, 
c-myc, or CD44. Ill the absence of a Wnt signal, fi- 
catenin is phosphorylated by GSK3£ and thus labelled 
for degradation by the covalent addition of ubiquitin 

tioj. 

Regulation of signal transduction of the Wnt path- 
way may occur at different levels, including extracel- 
lular components of the signalling cascade [11-13]. hx 
humans, the WntlOb gene is tip-regulated in a small 
subset of human breast carcinomas, the Wnr2 gene is 
overcxpressed in human colorectal carcinomas; and the 
WntSa gene in malignant melanoma [14-161. hi order 

Copyright & 2003 John VW«y & Son*, Ud 



to initiate signal transduction, the Wat protein binds 
to the cysteine-ricb domain (CRD) of the transmem- 
brane frizzled receptor protein. The binding of Wnt 
Hgands to the Mailed receptor can be reduced or even 
prevented by competitive binding of secreted frizzled 
related proteins <SFRP) to the Wnt iigands, thus pre- 
venting signalling mrongh the frizzled receptor. The 
final effect of this extracellular signal modulation is a 
decrease in the intracellular level of £-catenin [17,18]. 
Recent studies have suggested the involvement of 
SFRP1 gene expression in breast cancer (19-22]. 
In addition, loss of expression of SFRPl, SFRP2, 
5FRP4, and SFRP5 has recently been described as 

JAjtfKrf2OO3;Z0|;2M-2l2, 
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due to promoter hypermethylation in colon and gastric 
cancer [23], 

There arc several other proteins including WIF1, 
Dicfckopf, and Cerberus that also have the ability 
to bind Wnt proteins and thus compete with the 
binding of Writ proteins to the frizzled receptor. These 
proteins are structurally diverse and mainly function as 
secreted inhibitors of Wnt signalling [10], WIF1 is an 
evohitioiiarily conserved protein containing five EGF- 
like domains and one WIF domain, which mediates the 
Wnt binding of WIF1 [24]. Overexpresskm of WIF1 
in Xenopus embryos blocks the Wnt8 pathway and 
results in a pfaenotype, as seen by ovcreXpression of 
the Wnt antagonist SFRP-3. These in vivo results show 
the ability of Wnt proteins to bind structurally diverse 
extracellular antagonists. 

Using custom arrays, we have studied the RNA 
expression of most components of the Wnt signal 
transduction pathway in prostate cancer by using 
microdissected samples of both tumour and normal 
tissue samples. Wo show that 11 genes of thB Wnt 
pathway are differentially expressed at the RNA level 
in prostate cancer. Most proniinently, WIF1 is down- 
regulated in 54% of the tumours and SFRP4 is up- 
regulated hi 81% of all cases. We demonstrate that 
WTJP1 is also down-regulated at the protein level in 
prostate cancer and a number of other major solid 
tumours including breast* NSCLC, and bladder can- 
cera. These data suggest that 'WIFl is a potential 
tumour suppressor and may be required, to compete 
for Wnt ligands. Loss of WIF1 in tumours may lead 
to the unrestricted binding of Wnt ligands to the friz- 
zled receptor, followed by enhanced transcription of 
target genes of the Wnt pathway. 

Materials and methods 

Patient characteristics and tumour specimens 
The expression profiles of 54 prostate cancer patients 
(age 47-73 years; Gleason score 4-9; tumour stage 

Table 2. WlFI ImmunoWstocheTnisiry of a ttrtal (62 tnatcbei 
biwt; and lung cancer patients. Hrstopafhoteglcal dfe^Kwes w 
tumours p7] 



pT2a-pT4; preoperative PSA 2-30 ng/m)) were 
analysed by DNA chip hybridization and quantitative 
RT-PCR. Included in this study were prostate can- 
cer patients who underwent radical prostatectomy at 
the Department of Urology at the University Hospital 
Charite* from 199S to 2000. 

The specimens were sectioned by a pathologist 
according to diagnostic standards. Selected tissue 
slices were snap-frozeu in liquid nitrogen and stored 
until further processing at -80 6 C. For immunohis- 
tochemical analysis, foraalin-fixed and paraffin-em- 
bedded prostate, breast, lung, and bladder cancer spec- 
imens were obtained from the Institute of Pathol- 
ogy, University of Regensburg, Gennany. Histological 
diagnosis, tumour stage, and grade were reviewed by 
one pathologist (AH) according to the WflO and the 
UICC classification of tumours. 

Irrfbnned consent was obtained from all patients 
and the study was approved by the Institutional 
Review Board An overview of the histopathologic^! 
characteristics of the tissue samples stained using the 
W1F1 antibody is given in Table 2. 



Microdissection, RNA preparation, and array 
hybridization 

Microdissection was performed as described previ- 
ously [25]. In brief, 5-20 5-ujn frozen sections were 
obtained for each case and stored at -80 °C The 
slides were immediately fixed in 80% ethanol and 
stained with methylene blue for approximately 15 s. 
The tumour was separated from stromal ceils by 
mkarocHssection with a needle (22 G) under an inverted 
microscope (40 x magnirlcation) or by using laser 
ederodissection (PALM, WcJframshaiisen, Gtrmany). 
All samples contained at least 90% tumour cells. 
After nricroxlissectioxx, cells were collected in GTC 
buffer containing 2% j8-mercaptoethanol for further 
RNA preparation, PoIy-A + -RNA was prepared using 

pairs of turwur and normal tissues Trom bladder, prostate, 
^ reviewed according co the WHO cfsBaficstton of rrtalfgnant 
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the Poly-A-tract 1QOQ kit (Promcga* Heidelberg, Ger- 
many) according to ihe manufacturer's recommenda- 
tions. After priming with the Asymetrix T7-oligo-dT 
promoter-primer combination (S'-GGCCAGTGAATT 
GX^ATACGACTCACTATAGGOAGGCGGTm- 3' at 
100 mw), first- and second-strand synthesis, and 
in vhro transcription, the amplified RNA (aRNA) was 
again amplified in two subsequent rounds of cfc)NA 
synthesis and in vitro transcription [26). The cDNA 
from each round of amplification wad tested for 
integrity by lao^lan PCR with the GAPDH assay 
(see below). Biotin-kbelled nucleotides were incorpo- 
rated inro the aRNA in the Jast in vim? transcription. 
Hybridization and detection of die labelled aRNA were 
performed on the mcfcgOOlA Affymetrix GeneChip 
according to the manufacturer's instmctions. 

Special algorithm* were developed for data analy- 
sis. A non-parametric Wilcoxon test was used to test 
the probe sets for dhe presence or absence of expres- 
sion signal. For significantly expressed probe sets, the 
75% percentile of the perfect matches was used to 
calculate expression values after background subtrac- 
tion and nonnaKzaiioiL If an expression signal was not 
detected, the expression value was set to 0.1. 

Quantitative RVT-PCR 

aRNA of one amplification cycle, as staled before, 
was reveise-oranscribed to cDNA. The cDNA gen- 
erated from 1 ng of aRNA was used for a Taqman 
assay (Applied Biosystfcms, Weiterstadr, Germany). 
The genes were amplified with the TaqMan Univer- 
sal PCR Master Mix according to the manufacturer' a 
coalitions* using the ABI PRISM 5700 Sequence 
Detection System. The following oligonucleotides 
were used for real-time RT-PCR; WIFl forward 
5 / TAAAAGGTACGAAGCCAGCCTC-3 , i WIF1 re- 
verse S'-GCGTGTGCTGOCTOAGC-S'; WIF1 probe 
5'-FAM CCTGAGGCCA GC AGGCGCC~Tamra-3' ; 
GAPDH forward 5'-GAAGGTGAAGGTCGGAG 
TC-3'; GAPDH reverse 5'-GAAGATGGTGATGGGA 
TTTC-3'; GAPDH probe S'-FAM-CAAGCITCCCGT 
TCTCAGCC-Tamia-y, cDNAa were quantified by the 
comparative Cj method, normalizing Cy values 10 
GAPDH and calculating die relative expression values 
of normal to cancer tissue [27]. 

Northern blot hybridization 

Multiple tissue northern blots and matched tamouninor- 
lnal expression arrays were obtained from Clontech 
(Heidelberg, Germany). The matched tmaoWnonnal 
expression array contains 68 tumour and normal 
samples from different patients as matched pairs 
from 12 different tissues and additional cell lines. 
Hybridizations with the or^P-labellcd DNA probe 
were performed according to the manufacturer's 
recommendations. The WIF1 probe was derived 
from a PCR reaction under standard conditions 
using 5 ng of mammary cDNA (Clontech, Hei- 
delberg, Germany), 10 mM dNTPs. 0.5 mM primer, 

Copyright © 2003 John Wiley & Sens, Lid. 
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1-5 mM MgCfe, 10x reaction buffer, and 0.625 U 
of Ampblacf Gold (Applied Biosystems, Weiterstadt, 
Germany), using the following primers: WIF1 for- 
ward 5 / <JCArGGCCCGGAGGA-3'; WIFl reverse 
S'-mx^a^AGArAGCATGTGCAAAG^, The re- 
action was performed in 35 cycles with an initial 
deraturation step of 10 min at 95 °C and then 95 Q C 
for 30 s, 60"C ft>r 1 min, and 72 °C for 2 ruin. 
The identity of the PCR product was confirmed 
by sequencing. Hie arrays were hybridized accosd* 
ing to the mairufsctaer > s instructions and analysed 
using the Phosphoimager 595 (Molecular Dy Baraks, 
Sunnyvale, USA). 



Immunohistochemistry and statistical analysis 

Fcnir-rnicromeire sections were cut from fbrmarin- 
frzed and paraffin wax-embedded tissues and stained 
with a human poJyeloaal anti-WlFl antibody directed 
to the WIF domain, Affiniiy-purined rabbh poly- 
clonal ana-human WIFl antibody was prepared as 
previously described [24], In brief, rabbit anti-WlF- 
domain antibodies were raised against a fusion pro- 
tein composed of the T7 gene 10 protein fused to 
ammo acids 29-168 of human WIFl and affinity- 
purified using an B coll maltose-binding protein fused 
to die same WIFl fragment. After depara£6niza- 
don for 10 min in fresh. Xylol, tissue sections were 
reJrydrated in a series of diluted eifaanol. For anti- 
gen retrieval, the slides were boiled for 10 mitt in 
a microwave oven in citrate buffer (pH 7.1), After 
incubation with the primary anti-WlFl antibody at 
a 1:50 dilution, the ChcmMate Kir (DAKO Diag- 
nostics GmbH, Germany) was used, according to 
the manufacturer's protocol, to visualize the anti- 
body-antigen reactivity. Tbe provided chromogen 
DAB was appbed in a 1 :50 dilution. Finally, the 
slides were briefly counterstained with baematoxylin 
and eosin. 

Iinmunx?histo chemical WIFl expression was inde- 
pendently analysed by two pathologists (AH, MW% 
The scoring was based on the cytoplasmic perinuclear 
staining in tumour cells, compared with me corre- 
sponding normal epithelium. Nuclear and membrane 
staining was considered to bo negative (0). Weak per- 
inuclear cytoplasmic staining was defined as 1+, inter- 
mediate staining in less than 70% of the tumour cell 
population as 2*+-, and strong staining in more rtigm 
70% of the tumour cell population as 3-K Down- 
regulation of WIFl protein was considered if the 
imrounohisincbemical staining intensity in the tumour 
was lower than in the corresponding normal epithe- 
hmh. Equal staining intensities of tumour and normal 
tissues were defined as not dysiegulat&cL 

Differences were considered statistically significant 
when p <0.05. A statistical correlation between clin- 
icopathdogical and molecular parameters was tested 
using a two-sided Fisher exact test. 

J A«W 2003; 2D 1 : tZ 
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Results 

Expression analysis of members of the Wnt 
pathway In prostate cancer 

To provide high-quality starting material far our chip- 
based RNA expression analysis, we microdissected 54 
prostate tumour samples, In prostate cancer, microdis- 
section is absolutely required to reduce tumour hetero- 
geneity sad enrich tumour ceUs up to 90%. Similarly, 
matched normal epithelial cells were obtained from 
each of the 54 patients by imcrodissection- In order to 
study RNA profiles of the Wat pathway, we extracted 
the expression values from the data set of our custom 
array (Table 1). 

We defined the following criteria for diffe rential 
gene expression: 0) the gene must be present in 
at least 27 (50%) of all prostate tumour patients; 
(ii) it must be up- or down-regulated in at least five 
(10%) tumour samples; and (iii) the degree of up- or 
down-regulation of the same gene should be at least 
two-fold. 

Eleven genes fulfilled all three criteria. Of these, 
six genes including SFRP4, FZD4, FZD6, DVL1, 
TCF4, and MYC were up-regulaied in prostate Cancer 
patients. Secreted frizzled related protein 4 (SFRP4) 
was expressed in 37 of 54 (69%) patients and 
up-regulated in 30 (81%) of the SFRP4-expressing 
tumours, Of the five genes (WNT2> WIFl, PPP2CB, 
CCND2, CD44) down-regulated in prostate tumours, 
WIFl was expressed in 42 of all 54 (78%) tumour 
samples, WIFl was down-regulated in 27 of 42 (64%) 
WIFl-exprossing tumours. 

We also observed a wide range of RNA expression 
among members of the same protein family. For 
example, while the Wnt Hgands WNT2 and WNt2b 
were expressed at on 80% level in all prostate cancer 
patients. WNT7a, V/NT8b, and WNT14 were not 
expressed at alL 

WIFl Is down-regulated In more than half of all 
prostate cancer patients 

Our chjp-bas ed e xpression profiling ejqjcriments 
showed that WIFl was down-regulated in 64% 
of the WIPl -expressing prostate tumour patients 
(Figure 1A). A more detailed examination of tho data 
shows that WIFl was completely lost at the RNA 
level in IS tumours and significantly down-regulated 
in a further nine tumours. There was no correlation 
between complete loss and reduction of WIFl at 
the RNA level with histopathobgical and clinical 
parameters including Cleason grade, tumour stags, and 
PSA values. Using quantitative PGR, we coimrmcd 
the down-regulation of WIFl in 9 of 14 (64%) 
matched pairs (tumour/normal) of niicrodissectftd 
prostate tissue samples analysed (Figure IB). 

We men tested me differential expression of WIFl 
in various types of human tumour by dot blot anal- 
ysis using a commercial matched tumotii/nonnal dot 

Copyrfcfc ® 2003 John Wifay & Sons. Ltd 
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Figure I. Differential RNA expression of WIFl In prostata 
ameer by chip (A) and TaqMan (B) anaJy^ Expression 
values arc defined as normalized arbitrary fluorescence unto 
Significance was calculated using the Mann- WbTtney cost 



blot expression artay containing samples from 68 indi- 
vidual patients with 11 different mmour entities. As 
shown in Figure 2, WIFl was completely lost' in aU 
nine spotted breast tumours in conjparison to the corre- 
sponding matched normal tissues, A similar result was 
observed for the lung cancer samples. They demon- 
strated a very weak WIFl signal in all three cases and 
strong expression in the corresponding normal lung 
tissues. 



Distribution of WIFl In normal tissues 

Ihe WIFl gene has 10 exons and spans more than 
200 kb on chromosome 12ql4J. The cDNA sequence 
as deposited in GenBank has a length of 2014 bp 
(NMJ007191). However, this cDNA is sbX incom- 
plete. In mice, only a single transcript could be identi- 
fied [24]. We confirmed that die main human WIFl 
adscript has a size of 2034 bp, as a 22 kb band 
was identified as the major message. In addition, 
three further WIFl -specific transcripts with lengths of 
2.4, 2.7, and 3.2 kb were identified (Figure 3). The 
main 2.2 kb WIFl message is highly abundant in 
human prostate, lung, and brain. In these tissues, h 
is expressed together with two less abundant isoforms 
of 2.4 and 3.2 kb. In skeletal muscle, we observed the 
2A kb isofhrra as the only transcript. 

/rtHho/ 200*201:201-2 12. 



PAGE 18/24 1 RCVDAT 6/14/2005 7:16:31 PM (Eastern Daylight The] * SVR:USPTO-EFXRF-1/0 1 DMS:o729306 • CSID: • DURATION (mn«s):07-58 



JUN. 14. 2005 4:20PM FOLEY 8587926773 

W(FI is down-regulated In prostate, breast; lung, and bladder cancer 



NO. 2940 P. 

209 



BreAot 




KXV-1 



f'S^r 2 " ^^l? 0 <* Wl and xhe 'matched o/mourfnorrnd expression array- with cDNAa from different tks,™ 





Ffcu*e 3. h*itapfe tfesuo northern {MTN)^orthem blotanalysfc of W)Fi expression In 16 different Wn tiuu* 
ImmunqhJscochemrstry of W1F I 



In oiider to confirm the observed loss of RNA expres-. 
sion, a potyclonal WIF1 antibody 124) was used to test 
the protein expression of WIFl in series of prostata 
breast, lung, and bladder cancers, 

Hie antibody showed a perinuclear cytoplasmic 
staining pattern as expected for a secreted protein 
and occasionally weak nuclear staining was found. 
However, no nuclear signal was detected in any 
of the tumours with weak or absent cytoplasmic 
staining. Membranous staining was not found in any 
tumour. WIFl showed strong staining in endothelial 
cells in both small capillaries and larger vessels, 
whereas fibroblasts remained consistently negative. 
There was no evidence of differences in the staining 
intensities in endothelium of tumour vessels compared 
with vessels from normal tissue. There was strong 
staining of the normal epithelium in all the organs 
investigated. 

Eleven of the 48 (23%) prostate cancers showed 
reduced WIFl expression in comparison to the match- 
ing normal tissue. Interestingly, three patients demon- 
strated retention of WIFl expression only in the well- 
dif&icntiated tumour glands, but not in the poorly 
differentiated tumour areas (Gleason 4-5) (Figures 4A 
and 4B). 

In 21/35 (60%) of the breast cancer specimens 
investigated, the expression of WIFl was reduced 
in comparison with correspoflding normal tissue 



(Figures 4C and 4D). In NSCLC, WIFl was down- 
regulated at the protein level in 25 of the 33 (76%) 
cases investigated (Figures 4E and 4F). 

WIFl expression did not correlate with stage, grade 
or lymph node status in prostate, NSCLC, and breast 
cancer- Interestingly, however, reduction of WIFl 
expression was sigrifleandy (p = 0.001), more fre- 
quent in squamous cell wrcinomas (21/22, 96%) than 
in adenocananotnas of the hmg (4/11, 36%). 

In bladder cancer, we observed loss of WIFl 
expression in 12 of 46 (26%) cases investigated 
(Figures 4Q and 4H). In invasive tumours (pTl -pT4), 
WIFl loss was observed more frequently when com* 
pared with superficial papillary (pla) tumours (pTa 
versus pTl~pT4; p = 0.038). 



Discussion 

A general problem of chip-based RNA expression 
analysis is the uncritical use of bulk tumour and 
•normal' tissue as a source for RNA. It is well 
known that solid tumours are very heterogeneous and 
consist of several distinct cell types. In bulk tumour 
samples provided by surgeons or pathologists* the 
fraction of tumour cells is small and often below 
30% of the entire cell mass. In prostate cancer, 
one can distinguish different tumour foci exhibiting 
different dTffOTiidau'on and grades within the same 
patient In our view, cricrodissecrion is a prerequisite 
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to the investigation of pure cell populations wilh 
defined histopathological characteristics in array-based 
experiments. 

Members of the Wnt pathway have been impli- 
cated in a number of processes such as embryoge- 
nesis and carcinogenesis [28]. By regulation of dif- 
ferent Wnt pathway components with antagonizing 
functions* the Wnt pathway is probably able to reg- 
ulate tumoirr-promoting and -suppressing events. In 
order to identify transcriptionally regulated members 
of the Wni pathway, we analysed the expression pro- 
riles of 54 oiicrodissected prostate cancer and normal 
tissue samples by micro array analysis. In this study, 
we focused on 40 members of me Wnt pathway using 
a custom-made Afiymetrix oligonucleotide chip. 

We defined specific criteria for differential gene 
expression and applied them to our data set. Using 
these criteria, 11 genes were differentially expressed 
at the RNA level in rracrodissected matched prostate 
tumour/normal tissue samples. SFEP4> FZD4, FZD6, 
DVX1, TCF4, and MYC were found to be Dp- 
regulated, while WNT2, WIFI, PPP2CB, CCND2, and 
CD44 were down-regulated in prostate tumours. 

The remaining 29 Wnt-pathway genes investigated 
were either not expressed in prostate or did not fulfil 
onr criteria ffbr differential expression. This might 
be due to different specificities in the binding and 
function of homologous genes of one gene family and 
differential expression of these gooes in various tissue 
entities as shown in rsf29_ Despite thoir central role in 
mo Wnt pathway, the key players ^-cateniri and APC 
were not regulated at the transcriptional JeveL The 
differential Hmressum of extracellular components of 
the Wnt pathway is well known, particularly in bladder 
tumours 130], and involvement of intracellular factors 
such as APC or 0-catenin was not observed pi]. 

Prom the genes encoding extracellular Iigands of the 
Wnt pathway, we found far the first time mat sFRP4 is 
up-regulated in prostate tumonrs. Interestingly, over- 
expression of sFRP4 has already been shown for 
endometrial carcinomas and invasive breast carcino- 
mas [32], Using mmiunohistochi^stry, we farther 
demonstrated down-regulation of WIFI in prostate, 
breast, lung, and bladder cancers. 

Recently, several groups have analysed the gene 
expression profiles obtained tram bulk tissues includ- 
ing cancers of the prostate [133]. breast [2^4], lung 
P,35J, and bladder [4], They also made available 
their data sets for meta-analysis of single genes. WIP1 
probes were not included in all experiments, but down- 
regulation of WIFI was reported in prostate and rung 
carcinomas [1,35]. The expression profiles in lung 
cancers were similar to our irimiraurtustochemislry 
results. However, reduced WIFI protein expression 
was mainly observed in squamous cell carcinomas. 
Adenocarcinomas and squamous cell carcinomas, both 
NSCLCs, are preferentially located in different parts 
of the lung, differ in their RNA expression profile, and 
have a number of specific generic alterations [3,3536], 
The observed down-regulation of the WIFI protein 
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may demonstrate a different regulation of the Wnt 
pathway in squamous cell carcinomas compared with 
aderttcarcariomas* 

Down-reguktion of WIFI was a common event 
iti the tumonrs investigated. Down-regulation of the 
WIFI protein correlated neither with tumour stage 
nor with grade or lymph node status of the prostate, 
breast, and NSCLC samples analysed.* The absence 
of a correlation between the pathological features of 
the rumours and the loss of WIFI expression strongly 
suggests that this could be an early carcinogenic 
event, at least in theso tumour entities. In contrast to 
these results, WLFl expression was more often lost 
in higher-stage bladder tumours, indicating a potential 
role in tumour progression. 

Because WIFI expression was reduced in a traction 
of the tumour samples and varied between different 
tissues, there might be additional regulatory mecha* 
nisms for Wnt-pathway signal traiisduction, probably 
mediated by other extracellular ligands. 

Recent studies have shown that the transcription 
of genes of the SFRP family is tightly regulated by 
promoter bypermetbylation [23]. Suzuki et al observed 
hyj^imediylation of the promoters of SFRP2, SFRF2, 
SPRP4, and SFRP5 in human colon cell lines and 
primary colon cancers. 

Our study demonstrates mat chip expression profil- 
ing of microdissected primary cancer samples can be 
successfully used for the identification of transcription- 
ally regulated members of signal transduction path- 
ways. Although some genes of the pathway have previ- 
ously been idcnlified as up- or down-regulated in can- 
cer tissues, we have identified WIFI as a new potential 
modulator of Wnt-pathway activity b prostate, breast, 
lung, and bladder cancer. 
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